The aim of the present study was to investigate the effects of palm olein (PO) addition on the quality characteristics of sunflower oil (SFO) during frying of potato pieces. The blends were prepared in the volume ratios of 20:80 (PO:SFO, PSF1) and 40:60 (PO:SFO, PSF2). Refractive index, free fatty acid content, peroxide value, p-anisidine value, TOTOX, viscosity, specific extinction, polar compounds, food oil sensor value, colour, and polymer content of the oils all increased, whereas iodine value and C 18:2 /C 16:0 ratio decreased as frying progressed. The percentage of linoleic and linolenic acids tended to decrease, whereas the percentages of palmitic and oleic acids increased. Based on the most oxidative stability criteria investigated, PO addition led to a slower deterioration of SFO at frying temperature. Blend PSF2 showed better frying performance compared to PSF1. However, higher amounts of free fatty acids and higher colour units were both detected in the blends compared to pure SFO at the end of frying. It appears that proper blending of highly unsaturated SFO with PO can result in oil blends that could meet nutritional needs with improved stability for domestic cooking and deep-frying.
Deep-fat frying is one of the most popular procedures for food preparation since it is rapid and develops desirable flavours and textures. However, using frying oils repeatedly can produce constituents that not only compromise food quality but also can promote the formation of compounds with adverse nutritional implications and potential hazards to human health. The quality and stability of frying fats are therefore of concern to food technologists, nutritionists, and consumers (sANibAl & MANciNi-Filho, 2004) . The increased level of consumer awareness toward fat composition and its impact on human health can affect the selection of fats in the food industry. In addition, the choice of frying oil should also be made according to its performance in the frying process. Therefore, the use of more stable frying oils of comparatively low price would be desirable. To overcome the problem of poor stability of traditional soybean, sunflower, and rapeseed oils, ways of reducing the unstable polyunsaturated fatty acid (PUFA) content were sought. One way to improve the stability of these oils is by blending with oils of high oleic acid contents. Blending of vegetable oils/fats has emerged as an economical way of modifying the physicochemical characteristics of vegetable oils/fats beside the enhancement in the oxidative stability (chu & KuNg, 1998) .
SFO is a rich source of vitamin E and contains alpha-tocopherol. It has a high level of linoleic acid (huANg et al., 1981) . High reactivity of this unsaturated fatty acid (USFA) is associated with oxidation, loss of nutritional value and quality (lAbuZA, 1971) . Moreover, its high cost restricts its usage on a major scale. PO is available in large amounts to a comparatively low price, while the availability of high oleic oils is limited at the moment, resulting in a higher price for the oil. Palm olein is being used increasingly in frying operations, and because of its inherent excellent frying properties, improves the frying quality of other vegetable oils when it is blended with them (teAh, 1988) . Therefore, this research was performed to study the effects of PO addition on the quality characteristics of SFO during frying by a combination of the most effective analytical and instrumental methods.
Materials and methods

Materials
Refined sunflower oil (Wintercorn Edible Products, Australia) and palm olein (Sime Darby Food and Beverages, Malaysia) were obtained from the local supermarket. Fresh potato was from the local food store. Potatoes were peeled, washed with water, and sliced into 6 cm×0.5 cm×0.3 cm sizes and then dried. The vegetable oil blends were formulated by blending PO with SFO in the volume ratios of 20:80 (PO:SFO, PSF1) and 40:60 (PO:SFO, PSF2). The mixtures were stirred in a magnetic stirrer for 20 min for homogenization. Chemicals and solvents used were of analytical grade. p-Anisidine and silica gel were products of Merck (Darmstadt, Germany). Standards of fatty acid methyl esters were purchased from Supelco Chemical Co. (Bellefonte, PA, USA). All other chemicals and solvents were from J.T. Baker (Phillipsburg, USA) or RCI Labscan Ltd. (Pathumwan, Thailand) unless otherwise stated.
Frying protocol and oil sampling
Frying test was performed for SFO and its blends with PO. Several batches of potato pieces (50 g) were fried in a 2.5 l domestic electric fryer (Philips HD-6159) at 185±5 °C at intervals of 20 min up to 6 h per day for a total of 5 days. Two and a half litres of each oil sample to be tested were used for the frying. The fryer was switched on 15 min before beginning of frying each day to heat oil up to the desired frying temperature. Fresh oil was added after the collection of the sample to make up the oil to the initial level in the fryer (eNríqueZ-FerNáNdeZ et al., 2011) . The oil samples were collected and stored at -16 °C for analyses each morning before replenishment. Initial physico-chemical analyses of the fresh samples (day 0) were also carried out.
Oil analysis
Fatty acid composition of the oil was determined by gas-liquid chromatography. Fatty acid methyl esters (FAME) were prepared according to PORIM (1995) test method p3.4 and analysed on an auto-system XL gas chromatograph (Perkin Elmer Incorporate, Massachusetts, USA) equipped with a fused silica capillary column (60 m×0.25 mm i.d×0.20 μm film thickness, Perkin Elmer, USA) and a flame ionization detector. Nitrogen was used as carrier gas with a flow rate of 20 ml min -1 . Initial temperature was set to 100 °C, raised to 170 °C at 20 °C min -1 , then programmed to 230 °C at 10 °C min -1
, and finally heated to 250 °C at 30 °C min -1 . The detector and injector temperatures were both maintained at 250 °C. Methyl esters were quantified by comparing the retention times and peak area of the unknowns with known FAME standard mixtures. Refractive index, free fatty acid content, iodine value, and peroxide value were determined according to American Oil Chemists' Society official methods Acta Alimentaria 43, 2014 (A.o.c.s., 1987) . Determination of specific extinctions at 233 and 269 nm (E 1% 233 and E 1% 269 ) and p-anisidine value of the samples were carried out by means of a Jenway 6305 spectrophotometer (Barloworld Scientific Ltd., UK) according to the PORIM (1995) test methods. Viscosity of the oils was measured by using a Brookfield DV-II+ viscometer (Brookfield Engineering Laboratories Inc., Middleboro, USA). Polymer compounds were analysed based on the method described by peled and co-workers (1975) . Total polar compounds were determined by means of mini column method (dobArgANes et al., 2000) . Food oil sensor values were measured by using the food oil sensor instrument (CapSens 5000, C-Cit Ag, Wädenswil, Switzerland). A Lovibond Tintometer Model E (The Tintometer Ltd., Salisbury, England) was used to determine the colour according to PORIM (1995) test method.
Statistical analysis
All data were expressed as the mean and standard deviation (SD) and were subjected to one way analysis of variance (ANOVA). Mean values were compared at P<0.05 significance level by Duncan's multiple range test using SPSS 11.5 software package.
Results and discussion
As shown in Table 1 , linoleic was high in SFO (59.03%) followed by oleic (29.12%) and palmitic (6.17%) acids. PO was characterized by a high content of oleic acid (45.20%) followed by palmitic (38.44%) and linoleic (11.59%) acids. During frying the percentage of linoleic and linolenic acids tended to decrease, whereas the percentage of palmitic and oleic acids increased, probably due to PUFA degradation. Before frying, SFO and its blends contained trans C 18:2 (0.28 to 0.36%). Trans C 18:1 was only found in SFO at the end of frying. In this work, total amount of trans fatty acid was considered instead of individual isomer. The blending of the SFO with the PO led to decreases in its ratio of C 18:2 /C 16:0 . The starting value of the C 18:2 /C 16:0 ratio was lower in the blends than in SFO due to the addition of highly saturated PO. The ratio C 18:2 /C 16:0 has been suggested as a valid indicator of the level of PUFA deterioration (NorMANd et. al., 2001 ). The present study indicates that this ratio decreased in all oil samples during the frying process. The highest decreased amount from the initial was observed for the SFO (2.32 unit) followed by PSF1 (0.44 unit) with the least in PSF2 (0.26 unit). Present results revealed adding PO to SFO slowed down the rate of oxidative degradation of SFO.
Refractive index (RI) values of frying oils were increased insignificantly (P<0.05) as the number of fryings performed in the oils increased (Table 2) . R1 values of the blend PSF1 or PSF2 at corresponding frying days were significantly lower (P<0.05) compared to SFO. However, adding PO to SFO decreased significantly the RI value of SFO. The free fatty acid (FFA) level of frying oils were significantly increased (P<0.05) with increasing frying time ( Table 2) . At the end of frying, the amount of FFA was found to be higher in PSF2 (0.68%) followed by PSF1 (0.61%) with the lowest in SFO (0.59%). This result demonstrated that addition of PO to the SFO increased the FFA level of SFO; this might be due to high rate of increment of FFA in PO during frying compared to SFO. The significantly higher increment of FFA in PO compared to the sunflower/palm oil (65:35, v/v) blend during frying was confirmed by de MArco and co-workers (2007). The highest FFA value detected in PSF2 at the end of frying is still far below the accepted limit of 2% (MAtthAus, 2006) . As shown in Table 2 , the peroxide values (PV) during frying of all samples were increased up to the third day and then decreased until the end of the frying. Peak values were attained as follows: SFO (9.98), PSF1 (9.20), and PSF2 (9.00). The PV decreased in all oils after the peak was reached. SFO had the highest peak value compared to the blends. Addition of PO to SFO significantly decreased (P<0.05) the increment of peroxide value of SFO, which might be attributed to the decreasing amount of linoleic acids present in the blends. Compared to PV, the p-anisidine value (p-AV) is a more reliable and meaningful test, because it measures the secondary oxidation products, which are more stable during the heating process (Al-KAhtANi, 1991). As shown in Table 2 , as the number of fryings performed in the oil increased, p-AV of the frying oils increased due to decomposition of oil hydroperoxides (NAwAr, 1984 (Table 2 ). The lower TOTOX value of the blends indicated that they are more resistant to oxidative rancidity than the SFO. As shown in Table 3 , the highest reduction (10.64 units from the initial) in the iodine value (IV) was shown by the frying medium SFO, thus indicating that the highest decrease in double bonds occurred due to oxidative rancidity in the proposed frying media. The treatment PSF2 showed the least reduction (8.00 units from the initial) in the IV, thus indicating that less oxidative rancidity occurred in this frying medium. Changes in the ultraviolet absorption at 233 and 269 nm (E 1% 233 and E 1% 269 ) associated with the changes in the conjugated dienes and trienes, are shown in Table 3 . The levels of conjugated dienes and trienes at the end of frying were, however, lowest in PSF2 followed by PSF1, with the highest levels found in SFO. The lower levels of both conjugated dienes and trienes shown in the blends are indications of good oxidative stability of the oil. The viscosity of frying oils increased significantly (P<0.05) with frying days (Table 3 ). The viscosity of SFO at day 0 was lower than the blends; afterwards the rate of viscosity for SFO dramatically increased. The present results clearly revealed the higher deteriorative effect of SFO compared to the blends. Polymer content (PC) increased significantly (P<0.05) with different rates during frying (Table 3 ). The present results revealed that the frying media SFO showed the highest PC compared to the blends.
The amount of TPCs in the samples increased with the time increment and the rates of increments were significantly different (P<0.05) from each other ( Table 4 ). The total polar contents of SFO at 5th day of frying exceeded the limit 27% for used frying fats based on the German standard (billeK et al., 1978) . These results indicated that SFO could be used for frying of potato pieces up to day 4, while PSF1 and PSF2 could be used up to day 5 under the frying conditions depicted in the methodology. The SFOs containing 20 and 40% PO showed no significant differences in their rates of TPC formation at the end of frying; however both exhibited lower rates of TPC formation compared to SFO. When the maximal content for TPC in frying oil is accepted as 27%, the TPC-based stability ranking of these oils would be: PSF2>PSF1>SFO. Despite the similar levels of food oil sensor (FOS) values in the fresh oils, the FOS values increased significantly (P<0.05) with different rates during frying (Table 4) . In this case, the highest TPC content and FOS values were both detected in SFO and the lowest ones in PSF2. Table 4 shows changes in the colour of the samples during the 5 days of frying. In most cases, the colour units of all the oils increased significantly (P<0.05) with the frying days. The PSF2 showed the highest initial red (1.47) and yellow (15.43) colour units; while the SFO showed the least initial magnitude of the red (0.93) and yellow (8.33) colour results reported herein, it can be concluded that addition of PO to SFO slowed down the thermooxidative degradation rate of the SFO and in this regard, PSF2 showed better performance than PSF1. However, some degradation indicators, such as free fatty acid content and colour, increased faster in the blends compared to SFO. Therefore, further research is needed to find additional factors that are responsible to enhance the level of such indicators in the blends. *
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